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X = I, Cl, Br or H1. Current literature highlights
1.1. Solid phase parallel synthesis of isocoumarins
The isocoumarin structural class is widely represented in natu-
ral products, many of which demonstrate antifungal, antimicrobial
or antiangiogenic properties. The group is frequently encountered
in synthetic molecules where it represents a useful scaffold, or
an intermediate in the synthesis of various heterocyclic and carbo-
cyclic compounds. There has been considerable work in the litera-
ture describing diverse synthetic approaches to this structure. A
recent publication describes a solid-phase approach to 3-substi-
tuted-4-haloisocoumarins made on solid support by a traceless
halocyclisation approach.1
Although isocoumarins are versatile intermediates in synthesis,
there have been no reported approaches using parallel solid-phase
synthesis to prepare analogues. In this recent publication, such a
parallel approach has been developed to allow the investigation
of diversity around the isocoumarin scaffold.
The approach involved a two step strategy. Initially a Sonogash-
ira cross-coupling reaction between polymer-bound 2-bro-
mobenzoates (1) and terminal alkynes gave the modiﬁed
benzoates (2). The second step was an elegant cyclisation with
concomitant cleavage of the products from the solid-support to
give the isocoumarins (3). A particular advantage of this methodol-
ogy was that uncyclised products were not cleaved from the solid
support, thus providing some degree of puriﬁcation in this step.
Several conditions were employed for the cyclisation: iodolac-
tonisation using ICl provided the 4-iodo products (3, X = I); cycli-
sation with CuCl2/Cy2NH.HCl or CuBr2/Cy2NH.HBr gave the
4-chloro and 4-bromo products respectively; and triﬂuoroacetic
acid was found to be the best reagent for the production of the
4-unsubstituted products (3, X = H). This traceless cleavage route
gave numerous analogues with considerable variation at the 3- and
4-positions, with products being isolated in moderate to excellent
yields (30–100%) and high purities (82% of products in greater than
80% purity). Furthermore, use of ICl in the cyclisation step permit-
ted recycling of the resin for subsequent use.doi:10.1016/j.comche.2009.07.001
E-mail: nterrett@ensemblediscovery.com1.2. A traceless solid-phase synthesis of 3,4-dihydropyrazino[1,2-b]indazoles
and their 6-oxides
The ability tomake diverse heterocyclic compounds in a produc-
tivemanner is an important asset in the search for novel pharmaco-
logically active molecules. A recent paper describes a very efﬁcient
novel traceless solid-phase synthesis of 3,4-dihydropyrazino[1,2-
b]indazoles from readily commercially available building blocks.2
Previous work from this group had demonstrated an interesting
distinction between the polymer-supported synthesis of a-acyla-
mino ketones via the N-alkylation of resin-bound nitrobenzenesul-
phonyl (Nos) activated amines by bromoketones. Whereas the 4-Nos
activated derivatives (4) were readily cleaved by the traditional
thiol/basemethod, the 2-Nos derivatives (5) underwent a very clean
tandem carbon–carbon followed by nitrogen–nitrogen bond forma-
tion togive indazoleoxides (6)withexcellentpurity. Itwasproposed
that the addition of the ketone functionality on the side chainwould
permit an additional cyclisation to generate a fused pyrazine ring,
and that this might provide a useful route to structurally diverse li-
brary products.
Speciﬁcally, a range of symmetrical and unsymmetrical 1,2-
diamines were linked to Wang resin via a carbamate linker, and
various substituted 2-nitrobenzenesulphonyl chlorides attached
to the distal amine to give intermediates 7. Alkylation with various
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indazole formation. Following cleavage from the solid support by
treatment with TFA, cyclisation of the liberated amine onto the ke-
tone carbonyl generated the target 3,4-dihydropyrazino[1,2-
b]indazole N oxides (9). The corresponding deoxygenated products
could also be generated by treating intermediate indazole-6-oxides
with methanesulphonyl chloride and triethylamine.H
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9Using this approach and relying on commercially available
building blocks, a library of 34 products, both 6-oxides and deoxy-
genated products were synthesised under mild conditions in good
purities.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A new synthetic method for sulphonamide-containing cyclic
sulphides using a microwave-assisted traceless solid-phase ap-
proach has been described. Using this new method, many highlypure cyclic sulphides were efﬁciently synthesised based on intra-
molecular alkylation of the sulphides followed by elimination of
the desired products from the generated sulphonium salts.3
2.2. Solution-phase synthesis
The solution phase synthesis of a series of related diketopiper-
azines with potential biological activities has been described. The
synthesis is suitable for parallel approaches and involves coupling
reactions of hydroxy or O-glycosylated serine benzyl esters with N-
Fmoc-protected amino acids (Pro or Phe), followed by one-pot
deprotection–cyclisation reaction in the presence of 20% piperidine
in DMF.4
The 1,3-dipolar cycloaddition of 3-nitrochromen with sodium
azide under catalyst-free conditions has been used to give 4-aryl-
1,4-dihydrochromeno[4,3-d][1,2,3]triazole derivatives at 80 C in
DMSO. The generality of this reaction has been demonstrated by
synthesising an array of 4-aryl-1,4-dihydrochromeno[4,3-
d][1,2,3]triazole derivatives.5
2.3. Scaffolds and synthons for combinatorial libraries
Anefﬁcient andeasily applicablemethod for the enantioselective
synthesis of c-hydroxy aza-b3-homothreonine (aza-b3-Hyht) has
been established. The method involves stereoselective reductive
amination of glyoxylic acid and the corresponding Fmoc protected
chiral hydrazine. This new synthetic monomer is a useful building
block for the solid-phase synthesis of new peptidomimetics.6
2.4. Solid-phase supported reagents
A novel solid supported 2-imidazolidinone chiral auxiliary has
been prepared from O-benzyl-L-tyrosine and Wang resin. Asym-
metric alkylation reactions in the solid phase proceeded with
excellent stereoselectivities, which were even higher than those
observed in the conventional solution phase method.7
A simple and efﬁcient procedure for the preparation of silica-
bonded S-sulphonic acid (SBSSA) by reaction of 3-mercaptopropyl-
silica (MPS) and chlorosulphonic acid in chloroform has been
described. This solid acid is employed as a recyclable catalyst for
the synthesis of 1,1-diacetates from aromatic aldehydes and acetic
anhydride under mild and solvent-free conditions at room
temperature.8
2.5. Novel resins, linkers and techniques
MBHA (4-methylbenzhydrylamine) resin has been extensively
used as a solid support for the synthesis of peptide amides. The
core–shell-type MBHA resin has been prepared by benzotriazole-
catalysed amidoalkylation and partial hydrolysis. The core–shell
structure of the MBHA resin was conﬁrmed by two-photon micros-
copy and its synthetic performance in solid-phase peptide synthe-
sis (SPPS) was evaluated.9
The synthesis and NMR characterisation of soluble PEG-sup-
ported polymers have been described, and their subsequent appli-
cation for liquid-phase synthesis of water-soluble cyanine dyes has
also been studied. Cyanine dyes were released by the attack of het-
erocyclic carbon nucleophiles and the cleavage of PEG-bound
hemicyanine, providing a robust and versatile strategy to deliver
indocyanine and benzoindocyanine dyes.10
An amine-derivatised DOTA has been used to modify the sur-
face of a polymeric support for conventional solid phase peptide
synthesis following standard Fmoc chemistry methods. This meth-
odology was used to synthesize a peptide–DOTA conjugate that
was demonstrated to be a PARACEST MRI contrast agent.11
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S-Adenosyl-L-homocysteine (L-SAH) and its analogues are a
potent class of inhibitors for a number of biologically important
enzymes including S-adenosyl-L-homocysteine hydrolase and
S-adenosylmethionine-dependant methyltransferases. An efﬁcient
method for the preparation of base-substituted S-adenosyl-dl-
homocysteine analogues as well as of 2-chloro-N6-alkylated
S-adenosyl-DL-homocysteine analogues has been described. The
method uses a convergent strategy that employs a common inter-
mediate late in the overall synthesis and allows small libraries of
SAH analogues to be prepared in a relatively short period of time.12
Synthesis of 1,3-diarylated imidazo[1,5-a]pyridines using a
combinatorial approach has been described. The halogenation of
3-arylimidazo[1,5-a]pyridines was carried out with iodine, bro-
mine, N-chlorosuccinimide, and 1-ﬂuoro-2,4,6-trimethylpyridini-
um tetraﬂuoroborate as halogenating agents to give selectively
halogenated products in good to excellent yields. Kumada–
Tamao–Corriu cross-coupling of the obtained 1-iodo-3-arylimi-
dazo[1,5-a]pyridines and aryl Grignard reagents led to 1,3-diary-
lated imidazo[1,5-a]pyridines in good to excellent yields. The 1,3-
diarylated imidazo[1,5-a]pyridines showed a wide variety of
ﬂuorescent emissions in a wavelength range of 449–533 nm with
improved quantum yields compared to monoarylated ones.13
The natural product guided synthesis of unnatural analogues of
the marine bromopyrrole alkaloid dispyrin, and the resulting SAR
of H3 antagonism has been described. Multiple rounds of iterative
parallel synthesis improved the human H3 IC50  33-fold, and gave
a new class of H3 antagonists based on the novel bromotyramine
core of dispyrin.14
A recent article reviews applications of combinatorial synthesis in
the lead discovery process for new fungicides, herbicides and insecti-
cides. The role and importance of bioavailability guidelines, natural
products, privileged structures, virtual screening and X-ray crystallo-
graphic protein structures on the design of solid- and solution-phase
compound libraries is discussed and illustrated.15
Adult T cell leukemia (ATL), caused by infection of human
T-lymphotropic virus type 1 (HTLV-1), has a poor prognosis and
curative therapy is unavailable, and thus it is important to ﬁnd
or design superior lead compounds for the drug treatment of
ATL. The micro-reversed fragment-based drug design hypothesis
and multi-template hypothesis has been used to extract the tetra-
hydrotetramethylnaphthalene (TMN) skeleton from tamibarotene,
a useful medicament for the treatment of acute promyelocytic leu-
kemia (APL). Structural development of TMN yielded highly ATL
cell-selective growth inhibitors.16
As an effective strategy for drug discovery against peptide-bind-
ing GPCRs, a beta-turn peptidomimetic compound library based on
a benzodiazepine skeleton has been constructed. Using both solid
and solution phase parallel synthesis with four different scaffolds
containing Phe, Lys, Ser or Glu, a 162 compound library has been
made and evaluated by cell based screening against the melano-
cortin 4 receptor in CHO-k1 cells.17
Sugar-based co-polymers with saccharidic units in stable cyclic
form and nanometric morphologies stabilised through crosslink-
ing, have been synthesised from appropriate monomers and
macromonomers. The most promising nanospherical co-polymer
obtained, containing b-d-glucopyranosidic units, was employed
in functionalisation reactions with the help of model molecules,
achieving useful transformations mainly at the 6-position and to
a minor extent at the 2-position of the saccharidic system.18References
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